Introduction
Biodiversity has been specifically investigated in the context of designing efficient programs of monitoring and setting out conservation priorities (Balmford & Long 1995 , Gadgil 1996 , Heywood 1995 , Howard et al. 1998 , Myers 1988 , Myers et al. 2000 , Negi & Gadgil 2002 , Oliver & Beattie 1993 , Pollard & Yates 1993 , Swengel & Swengel 1999 . The Global Biodiversity Assessment (Heywood 1995) requires a detailed knowledge of species distribution in particular landscapes. India's Biological Diversity Act 2002 aims to promote conservation, sustainable use and equitable sharing of benefits of India's biodiversity resources. In this context, traditional ecological knowledge (TEK) and its implication in the field of ethnobiology is of special focus in view of its deteriorating scenario due to the diverse environmental perturbations. Specific emphasis should be given to ethnomedicinal plants while setting priorities for biodiversity conservation in India (Sastry & Chatterjee 2000) .
Published: December 14, 2011 natural product (Anyinam 1995) . According to an estimate of the WHO, approx. 88% of people in developing countries rely chiefly on traditional medicines (mostly plant extracts) for their primary health care needs (Anyinam 1995 , Azaizeh et al. 2003 , Farnsworth et al. 1985 , Rai & Lalramnghinglova 2010a , WHO 1995 . In China, where there is one of the most sophisticated and extensive medical traditions, more than 5000 plants have been catalogued and 1700 of them are in common uses (Anyinam 1995) . In India, at least 2500 plants, out of 18,000 recorded in the country are utilized for medicinal purposes (Anyinam 1995) . There are about 46,000 licensed pharmacies manufacturing traditional remedies of Indian systems of medicine and homeopathy (Alok 1991 , Anyinam 1995 . Probably the region that makes the widest use of herbal preparations is Africa where people reputedly depend on plants, via ethnomedicine, for as much as 95% of their drug needs (Anyinam 1995 , Iwu 1993 .
Reyes-Garcia et al. (2008) used data collected among adult males in a society of farmers and foragers in the Bolivian Amazon, the 'Tsimane', for sixteen years. They empirically analyzed quantitative information on indigenous knowledge and uses of medicinal plants. Macías et al. (2007) in their review covered concerns regarding new theories addressing the role of secondary metabolites from an ecological point of view (i.e., co-evolution of plants and their potential enemies), chemical plant defence, adaptative strategies of phytophagues to plant toxins, and models and theories for carbon and nitrogen allocation.
All humans across the globe are somehow dependent on plants in order to meet various requirements for survival (Kala et al. 2004 , Phillips & Meilleur 1998 . The use of medicinal plants by people in developing countries like India is popular because these products are considered safe, widely available at low cost and easy to access.
Unfortunately, recent decades have seen significant changes occurring within several aspects of ethnomedicine as a result of environmental degradation and tremendous changes in modern, social, and economic systems (Anyinam 1995 , Rai & Lalramnghinglova 2010a ). Therefore, the present paper provides an overview on multifaceted aspects of ethnomedicinal plants in India with special reference to our research findings in Mizoram.
Phytochemistry of Ethnomedicinal Plants: Implications in diverse diseases
Curculigo orchioides Gaertn. contains flavonone glycoside-I (a powerful uterine-stimulant). It has been used along with other plants viz., Asparagus adscendens Roxb., Asparagus racemosus Willd., Chlorophytum borivilianum Santapau & R.R. Fern. and Withania somnifera (L.) Dunal in several pharmaceutical formulations in Indian systems of medicine as a metabolic enhancer and aphrodisiac (Ramawat et al. 1997 , Suri et al. 1999 .
Neurological disorders intimately linked with heart diseases are increasing. Mukherjee et al. (2001) has illustrated bioactive potential of some Hypericum species of India in relation to Central Nervous System (CNS) disorders. For example, H. hookerianum Wight & Arn. and H. patulum Thunb., are reported to have effects on the CNS in animal models (Mukherjee et al. 2001) . Kumar (2006) provided a very specific review of medicinal plants for CNS disorders and focused on a set of plant species considered to the most important: Ginkgo biloba L., Hypericum perfoliatum L., Piper methysticum G. Forst., Valeriana officinalis L., Bacopa monnieri (L.) Wettst., and Convolvulus pluricaulis Choisy.
In the current scenario of ever increasing human stress, ethnomedicinal plants having antioxidant properties are thought to be extremely fruitful. Many Indian plants have been investigated for their beneficial use as antioxidants or source of antioxidants using presently available experimental techniques (Ali et al. 2008) . Asparagus racemosus is mainly known for its phytoestrogenic properties.With an increasing realization that hormone replacement therapy with synthetic estrogens is neither as safe nor as effective as previously envisaged, the interest in plant-derived estrogens has increased tremendously making A. racemosus particularly important (Bopana & Saxena 2007) . In Ayurveda, A. racemosus has been described as a rasayana herb and has been used extensively as an adaptogen to increase the non-specific resistance of organisms against a variety of stresses. Besides use in the treatment of diarrhoea and dysentery, the plant also has potent antioxidant, immunostimulant, anti-dyspepsia and antitussive effects. Bopana and Saxena (2007) evaluated the biological activities, pharmacological applications and clinical studies of A. racemosus in their critical review.
Members of Amaranthaceae are good natural sources of carotenoids, vitamin C, nutritionally critical lysine, methionine and proteins (Ali et al. 2008 , Bhatia & Jain 2003 . Kumaran & Karunakaran (2007) used antioxidant assays such as total antioxidant activity, free radical scavenging, superoxide anion radical scavenging, hydrogen peroxide scavenging, nitric oxide scavenging, reducing power and metal ion chelating activities to illustrate the biological activity of Phyllanthus species. The antioxidant property of Phyllanthus debilis Klein ex Willd. can be attributed to the presence of phenolic compounds, flavonoids and flavonols (Ali et al. 2008 , Kumaran & Karunakaran 2007 .
Apart from the aforesaid applications, ethnomedicinal plants may be considered for treatment of the infections frequently associated with certain dreaded diseases such as HIV/AIDS. For example, Sawangjaroen et al. (2005 Sawangjaroen et al. ( , 2006 evaluated the in-vitro activity of selected medicinal plants used in a primary health care project by AIDS pa-In India, the traditional folklore healthcare system has a long history and is very deeply rooted in rural and tribal populations. India has medicinal plants distributed in different geographical and environmental conditions (Chandler et al. 1979 , Katewa 2009 ). India includes elements of three biodiversity hotspots (Himalay, Western Ghats, and Indo-Burma)that are highly endangered ecoregions (Myers et al. 2000 , Sajem et al. 2008 . The number of plant species in India is estimated to be over 45,000 representing about 7% of the world's flora (Ali et al. 2008, www.inheritanceindia.co.in) however, it covers only 2% of the earth's surface. India is one of the richest countries in the world in relation to genetic resources of medicinal and aromatic plants (Ali et al. 2008) with 11% of the total known plants having medicinal properties (Ali et al. 2008) . Of the 20,000 angiosperm species in India, approximately 3,000 are used medicinally (Agarwal 1997 , Rajendran et al. 2004 ).
An estimated 65% of the population in rural areas in India use the Ayurveda medicine system and medicinal plants to help meet their primary health care needs (Farnsworth et al. 1985 , Pattanaik & Reddy 2008 , WHO 1992 .
India has the second largest tribal population in the world after Africa (Jagtap et al. 2006) . Many tribal communities in India still practice use of their traditional knowledge to treat a variety of diseases and ailments. Because these are considered to be safe, effective and inexpensive, indigenous remedies are gaining popularity among the people of both the urban and rural areas, especially in India and China (Katewa et al. 2004) . (Together these countries comprise 50% of the global population.) Plants and their parts are not only used as food and medicine but also used in various tribal rituals that are a part of their social and religious life. Hence, the age-old knowledge of plants is the basis for ethnobotanical research in India (Jagtap et al. 2006 ).
This plant-based traditional knowledge has become a recognized tool in the search for new sources of drugs and nutraceuticals (Sharma & Mujumdar 2003) . There are a few surveys that reveal the practice of herbal medicine by the Korkus (Bhogaonkar & Devarkar 2002a ,b, Padhye et al. 1991 and other tribes of Melghat area (Chaudhari & Hutke 2002) . Review of literature revealed that few reports on the ethnopharmacognostic studies and the use of some plants for antisterility and urogenital disorders are available (Bhogaonkar & Devarkar 2002a,b) . Examination of aqueous residues of 16 ethnomedicinal plants (Samy et al. 1999) showed that Azadirachta indica A. Juss., Pongamia pinnata (L.) Merr., and Aloe barbadensis Mill. had maximum antibacterial activity. Coleus amboinicus Lour. and Calotropis procera (Aiton) W.T. Aiton were found to have high antioxidant activity of 91.64% and 88.72% respectively (Muthuvelan & Raja 2008) . Hexane, chloroform, ethyl acetate, methanol and water extracts from the flower of Cassia fistula L. were tested against bacteria and fungi. All the extracts exhibited antibacterial activity against Gram-positive organisms with minimum inhibitory concentrations (MIC) between 0.078 and 2.5 mg/ml (Duraipandiyan & Ignacimuthu 2007 ).
When acetone, chloroform, ethyl acetate, hexane and methanol leaf extracts of Acalypha indica L., Achyranthes aspera L., Leucas aspera (Willd.) Link, Morinda tinctoria Noronha and Ocimum sanctum L. were studied against the early fourth-instar larvae of Aedes aegypti L., 1762 and Culex quinquefasciatus Say, 1823 all extracts showed moderate larvicidal effects. However, the highest larval mortality was found in the ethyl acetate extract of A. aspera (Bagavan et al. 2008) . Highest larval (early fourth-instar larvae) of C. quinquefasciatus mortality was found in bark acetone extract of Ficus racemosa L. (Rahuman et al. 2008) . They suggested that gluanol acetate that was present is a quite potent new mosquito larvicidal compound.
The global market for herbal drugs has registered a steady increase over the last two decades (Dhar et al. 2000 , Martinez 1995 , Olsen 1998 , and annually exceeds over U.S.$20,000 million (Dhar et al., 2000 , Valiathan 1998 ). The world trade records suggest that India ranks next to China in annual exports (32,600 tonnes: US$46 million) of medicinal raw materials (Dhar et al. 2000 , Lange 1997 ). All of these records indicate that medicinal plants offer a great motivation for conservation (Dhar et al. 2000 , Marshall 1997 for all those concerned about human health care and the economy.
In India, traditional systems of medicine together with folklore systems continue to serve a large portion of the population, particularly in rural areas, in spite of the advent of the modern medicines. In forthcoming sections, we will review the ethnomedicinal plants from different sections of India, followed by ethnomedicinal plants of Mizoram, as an outcome of our research during the last ten years.
The Western Ghats is a global biodiversity hotspot extending to Sri Lanka (Conservation International 2005 , Mittermeier et al. 2004 . It harbors over 8000 medicinal plants of which 2242 have been recorded for the state of Maharashtra, India (Kareem Abdul 1997) . The documented ethnomedicinal plants in Maharashtra were mostly used to treat skin disorders, diarrhea, jaundice, tuberculosis, stroke, migraine, menstrual problems, fertility problems, urinary problems, piles, wounds and poisonous bites (Jagtap et al. 2006) . Seventy-six ethnomedicinal plants are being used traditionally in Mysore and Coorg district of Karnataka, India (Kshirsagar & Singh 2001 ).
An ethnobotanical survey was carried out among the ethnic groups (Kani/Kanikaran) in Southern Western Ghats (Ayyanar & Ignacimuthu 2005 , Hebbar et al. 2004 , Mahishi et al. 2005 . Traditional uses of 54 plant species belonging to 26 families are described under this study (Ayyanar & Ignacimuthu 2005) . The survey by Mahishi et al. (2005) revealed the utilization of 47 species of plants belonging to 46 genera in 28 families used to treat nine infectious and 16 non-infectious diseases in Shimoga district of Karnataka. In the Dharwad district of Karnataka in Southern India 35 plants belonging to 26 families are being used to treat different types of oral ailments (Hebbar et al. 2004) . A total of 101 species of plants are used by Paliyar tribals in Theni district of Tamil Nadu, India, belonging to 90 genera and 48 families. These were reported with the help of standardized questionnaires among 15 tribal informants . Savithramma et al. (2007) recorded the indigenous knowledge of Natuvaidyulu on plants to treat asthma and provided comparison of some plants with clinical uses of the species of Andhra Pradesh. The Virudunagar Hill region of Tamil Nadu, known for rare herbs, contains several medicinal plants used by traditional Ayurvedic and Siddha practitioners and by tribal practitioners (Rajendran et al. 2004) .
Ethnomedicinal plants of Northern India
The Northern part of India constitutes four main broad regions: the Montane region; the sub-Montane region; the Northern plains; and the arid region. Nomadic tribes and pastoral communities dwelling in the North-West and Trans-Himalaya, e.g., Jammu and Kasmir, India, are reputed to have mastered their traditional practices and knowledge about plants used to combat different diseases (Sharma & Singh 2006) . The herbal folk medicine in North India is commonly made available through the herbalists, elderly persons, sadhus (hermits), ojhas (village traditional healers practising their religion), and the traditional street vendors whether in the alpine region near the snows or in the arid region near the deserts. Some of the herbs used by local medical practitioners in Ladakh, India are popularly known as amchis. The amchi system has a large following in Ladakh or Little Tibet (India) and has been practised for centuries (Ball 1986 , Navchoo & Buth 1989 . The system resembles, in some broad aspects, the Ayurvedic system but has its own characteristics. It makes use of minerals, hot water springs, puncturing of veins, branding, and herbs (Navchoo & Buth 1989) . Wiley (2002) illustrated widespread and increasing usage of biomedical services for prenatal care and birth among women in Ladakh. Ballabh & Chaurasia (2007) assessed and documented the new information on medicinal plants used for the treatment of cold, cough and fever by the traditional Amchis of Ladakh. Further, Ballabh et al. (2008) document new ethno-medico-botanical information and traditional use of medicinal plants against kidney and urinary disorders, and thus aimed to conserve the rapidly disappearing traditional knowledge system of the amchis of Ladakh.
One hundred-twentyfive plants from 57 families were collected in order to explore ethnobotanical information with the help of local informants and other elders of the Gond and Kharwar communities in Singrauli region of Uttar Pradesh, India which is undergoing serious environmental degradation (Singh et al. 1991) . Similarly, in different remote villages and adjacent forest areas of Moradabad district, 45 plant species of 43 genera belonging to 27 families of angiosperms have been recorded as folk veterinary medicines (Ali 1999) . Likewise, a field survey of the Sitamata wildlife sanctuary of Chittorgarh and Udaipur district located in the south-west region of Rajasthan was carried out in order to document the medicinal utility of herbs occurring in this area (Jain et al. 2005) . Two hundred fourty-three genera belonging to 76 families have been reported which are used by the tribal peoples of about 50 villages around the sanctuary for primary health care to treat various ailments (Jain et al. 2005) . Commercial exploitation of species like Arisaema tortuosum (Wall.) Schott, A. racemosus, Bombax ceiba L., Pueraria tuberosa (Roxb. ex Willd.) DC., Eulophia ochreata Lindl., Chlorophytum borivilianum Santapau & R.R. Fern., Gloriosa superba L., Piper nigrum L., Costus speciosus (J. König) Sm., Ceropegia bulbosa Roxb., Ceropegia candelabrum L., Dioscorea hispida Dennst., Kydia calycina Roxb., Leea macrophylla Roxb. ex Hornem. and Sterculia urens Roxb. has been reported from Rajasthan (Jain et al. 2005) . Twentyfour ethnomedicinal and ten obnoxious grasses of Rajasthan were reported by another group (Katewa & Sharma 1998 , Katewa et al. 2001 . A field study of twelve districts of arid zones of Rajasthan was undertaken to evaluate the occurrence of three selected endangered medicinal plant species (Leptadenia reticulata (Retz.) Wight & Arn., Mitragyna parvifolia (Roxb.) Korth., Withania coagulans (Stocks) Dunal), and arbuscular mycorrhizal fungal (AMF) associations with them (Panwar & Tarafdar 2006) . Panwar & Tarafdar (2006) revealed that the association with AMF of these plant species native to the harsh environmental conditions of the Indian Thar Desert may play a significant role in The Himalayan medicinal plants are the major contributors to traditional systems of medicine in India. These plants have been a source of medicine for millions of people in the country and elsewhere in the world. Plant diversity of the Himalayas includes over 8000 angiosperms, 44 gymnosperms, 600 pteridophytes, 1737 bryophytes, and 1159 lichens etc. (Dhar et al. 2000 , Singh & Hajra 1996 . Of these, 1748 are used for various therapeutic purposes (Kala 1998a ,b, 2000 ,b, Kala et al. 2004 , Paliwal & Badoni 1990 , Samant et al. 1996 , 2001 ). Uttaranchal, eastern India, has more than 3500 higher plant species. Among the various tribal ethnic groups of Uttaranchal, the Tharu, Buxas, Rajis, and Bhotiyas largely depend on wild resources (Farooquee 1994 , Farooquee & Nautiyal 1999 , Farooquee & Saxena 1996 , Gaur 1999 , Kala et al. 2004 , Maikhuri et al. 1998 .
A total of 300 plant species used in treating 114 ailments in various cultural communities of Uttaranchal were documented and it was found that herbs contributed the highest number of medicinal plants (65%), followed by shrubs (19%) and trees (16%) (Kala et al. 2004) . In Eastern Himalaya, Vitex negundo L. was the most important species, used for the treatment of more than 48 ailments while A. indica, Woodfordia fruticosa (L.) Kurz, Centella asiatica (L.) Urb., Aegle marmelos (L.) Corrêa, Cuscuta reflexa Roxb., Butea monosperma (Lam.) Taub., Phyllanthus emblica L., and Euphorbia hirta L. were among other important medicinal plants based on their high use values (Kala et al. 2004) .
The Northeastern (NE) States of India comprising eight states that harbor more than 180 major tribal communities of the total 427 tribal communities found in India (Sajem et al. 2008) . A large part of the NE India is botanically under-explored or even unexplored (Jain & Dam 1979) . Jain & Dam (1979) conducted an ethnobotanical study of 48 plants from NE India. The tribes of the Himalayan region also have ethnomedicinal traditions for which little literature is available (Bennet 1983 , Biswas 1956 , Das & Lalramnghinghlova 1999d , 2001 , Mandal 2003 , Pandey 1991 , Rai 2009 , 2010b ,c, 2011a ,b, Rai & Bhujel 1999 , Rai & Sharma 1994 , Rai et al. 1998 , Srivastava et al. 1987 , Venu et al. 1990 , Yonzone et al. 1984 . Chhetri et al. (2005) Further, an ethnobotanical survey carried out in the district of North Cachar hills, Assam, NE India which revealed 34 species of plants to be threatened in several parts of the country, and in the district itself (Sajem et al. 2008) . Out of this, six species of plants are included in the Red Data Book of Indian Plants and five species have already been included in the Red Data List of the IUCN (Sajem et al. 2008 ). An ethnobotanical survey of medicinal plants used in the treatment of gynecological disorders was carried out among the rural people in Tinsukia district,
Roxb. ex Link, P. nigrum, Vandellia scabra Benth. among others were found to be extremely useful for the aforesaid purpose (Buragohain 2008) . Laboratory and clinical support for these folk herbal medicines might lead to potential drugs.
Ethnobotanical studies in Orrisa were conducted by Sankar (2003) . In Mayurbhanj district of Orrisa, 58 plant species belonging to 34 families used in folk medicine have been documented (Rout et al. 2009 ). Due to poverty and the poor conditions of modern healthcare facilities, indigenous people of Orrisa fully or partially depend on local medicinal plants. An ethnomedicinal survey among the local communities in the Kuldiha wildlife sanctuary of the Balasore district, Orissa, India indicated traditional uses of 49 plant species belonging to 32 plant families (Pattanaik & Reddy 2008) .
Sacred groves of NE India are a reservoir of medicinal plants (Laloo et al. 2006 , Mishra et al. 2004 . The indigenous tribes have protected the groves since time immemorial due to their various religious beliefs attached to them. Besides acting as a gene pool and providing refuge to a large number of endemic, endangered and threatened species (Jamir & Pandey 2002 , they render ecological services such as being sources of perennial water, maintaining local micro-environmental conditions and helping in biogeochemical cycles (Upadhaya et al. 2003) . In Nagaland, the native population is comprised of some fifteen tribes (e.g., Angami, Ao and Lotha) each with their own traditional medicines (Jamir et al. 1999) . Jamir et al. (1999) reported 36 plant species used to address ailments of gastro-intestinal, dermal, respiratory, cardiac, dental systems. Plants and plant parts are used in different dosage forms, the most common being fresh juice, decoction, infusion and dry powders. External applications of drugs are indicated for ailments like cuts and wounds, dermatitis, sprains and swelling. Sometimes, the drug is taken by chewing a particular plant part (Jamir et al. 1999) . There are records of about 400 plants of therapeutic value in the Sikkim Himalaya (Chhetri et al.2008 , Rai et al. 2000 . Kayang (2007) enumerated various aspects of the wild plants used by Khasi, Jaintia and Garo tribes of Meghalaya, NE India. These plants not only provide inexpensive food but several other useful products like medicine fiber, fodder, dyes, etc. In his specific study, Sharma et al. (2001) reported 135 plant species from 122 genera in 65 families utilized in certain spots of Mizoram.
Anthropocentric Approach: Threat to Ethnomedicinal Plants
Our planet is witnessing rapid changes in the composition of plant and animal species through over-exploitation of natural resources. Farming, lumbering and mining activities have particularly contributed to habitat loss. Deforestation, in particular, has had tremendous ramifications for the practice of ethnomedicine in many areas (Anyinam 1995) . Existing estimates of species range from 1 to 50 per day, or a total of 365 to 18,250 each year. Of the estimated 250,000 known plant species, about 25% are expected to be extinct by the year 2050 (Anyinam 1995 , Kaufman 1993 .
At the broader level, some species are endemic to particular countries. For example, of approximately 10,000 plant species that grow on the island of Madagascar, half are endemic, i.e., they are not naturally found growing in other global ecosystems (Anyinam 1995) . Reports indicate that many species are almost extinct in Madagascar due to extensive deforestation and marked soil erosion facing the island (Anyinam 1995 , Jolly & Landting 1987 . Elsewhere, such as in North America, some endangered species (e.g., bears) have fallen victim to illegal trade. South Korea appears to be the largest consumer of these North American bear parts (Anyinam 1995) .
The practice of ethnomedine has been also indirectly affected by loss of indigenous cultural communities and their traditional knowledge. The destruction of tropical forests has meant, in many parts of the tropical region, increasing disappearance of native people who have been living in these areas and who have accumulated a compendium of folk knowledge about the usefulness of plants for treating various diseases (Anyinam 1995 , Daniels et al. 1995 . The declining number of indigenous people in many parts of Latin America illustrates the problems of disappearing societies (Anyinam 1995) . When discovered by Europeans in the fifteenth century, the Amazon had an indigenous population estimated at six million or more (Anyinam 1995 , Bunker 1985 , Carneiro 1988 , Denevan 1976 . Approximately 250,000 remain today, distributed among more than 200 ethnic groups (Anyinam 1995 , Schreider & Schreider 1970 . One-third of the Amazonian tribes known to exist in 1900 are now said to be extinct (Anyinam 1995 , Hecht & Cockburn 1989 , Lewis et al. 1991 . For example, Amazonian Ecuador supported 17 distinct ethnic groups before European contact but today, only seven remain. As part of their objective to Christianize the indigenous populations, the rich ethnobotanical knowledge of the Aztecs and other precolonial Meso American cultures was deliberately and systematically destroyed by the Spanish invaders (Anyinam 1995 , Diaz 1977 . However, the existence of these groups of people actually has contributed immensely to saving tropical forests from capitalist exploitation.
Likewise, in India, indiscriminate and non-systematic collection of medicinal plants has led to severe pressure on the availability of these plants, many of which are now rare, threatened or endangered. In the current scenario, medicinal plants are under extreme pressure due to their excessive collection or exploitation (Laloo et al. 2006 , Mulliken & Schippmann 2007 , Sajem et al. 2008 . Rapid and continuous exploitation of several medicinal plant species and substantial loss of their habitats have resulted in the population decline of these species over the years (Kala & Sajwan 2007 , Mulliken & Schippmann 2007 , Planning commission 2000 , Sajem et al. 2008 . Further, the degree of threat to natural populations of medicinal plants has increased because more than 90% of medicinal plant raw material for herbal industries in India and also for export is drawn from natural habitats (Dhar et al. 2002 , Sajem et al. 2008 . There are many other potential causes of rarity in medicinal plant species, such as habitat specificity, narrow range of distribution, land use disturbance, introduction of non-natives, habitat alteration, climatic changes, heavy livestock grazing, explosion of human population, fragmentation and degradation of population, plant population bottlenecks and genetic drift , 2005 , Oostermeijer et al. 2003 , Rao et al. 2004 , Sajem et al. 2008 , Weekley & Race 2000 . Over-exploitation of these species, as well as trampling during collection has changed their habitat conditions causing a gradual loss of other associated species (Rai et al. 2000) . Degradation and destruction of natural systems also poses a threat to sacred sites and spaces designated by local healers and people (Anyinam 1995) . Lately much concern with commercially collected medicinal plants has been voiced, and the general perception is that the resource is being overexploited (Larsen et al. 2000 , Sharma 1995 , Shrestha & Joshi 1996 . Indigenous healers traditionally have been collecting medicines from local plants and animals probably without threatening the population dynamics of the species because of the low level of harvesting. In the last few decades, however, there has been a marked increase in the sale of herbal remedies. This has precipitating large-scale harvesting of medicinal plants and factory-like production of herbal drugs in many parts of developing countries (Anyinam 1995) . In India, the collection of medicinal plants for sale in the markets forms an important part of the livelihood of the local inhabitants in forested areas. Traders also send their own workers into the forests to collect medicinal plants (Alok 1991 , Anyinam 1995 . The exploitation of wild-growing Rauvolfia serpentina (L.) Benth. ex Kurz in India for export exhausted the supply to a point where the Indian government several years ago placed an embargo on the export of this plant (Akerele et al. 1991 , Anyinam 1995 . Another example of a plant that has been over-exploited in India for export to other Asian countries is Coptis teeta Wall., which is considered an endangered species in India (Alok 1991 , Anyinam 1995 .
In 2002, the World Summit on Sustainable Development re-affirmed the commitment of parties to the Convention on Biological Diversity to reduce the rate of biodiversity loss by 2010. Achieving this goal (itself only the first step towards halting, and eventually reversing, biodiversity loss) will require concerted and well focused action, not just by governments but also by a very wide range of organizations and individuals. TEK and its relation to biodiversity conservation particularly in the context of ethnomedicinal plants should be given due importance in millennium development goals.
The International Union for Conservation for Conservation of Nature (IUCN) Red List of Threatened Species (IUCN 2009 ) provides a key tool in helping to achieve this goal. IUCN Red List (IUCN 2004 provides objective information on the threat status of an unprecedented number of species. This assessment presents analyses at a range of geographical scales and from ecological and geopolitical perspectives. It examines the nature and impact of threats, and outlines current and potential conservation measures. The IUCN Red List of Threatened Species (also known as the "IUCN Red List" and "Red Data List"), created in 1963, is the world's most comprehensive inventory of the global conservation status of plant and animal species. The different categories frequently used in classification are: Extinct; Extinct in the Wild; Critically Endangered; Endangered; Vulnerable; Near Threatened; Least Concern; Data Deficient; and Not Evaluated. The 1994 version included an additional category that is used for some species, but once they are all reassessed it will no longer be used (IUCN 1994 ).
Since the amalgamation of the plant and animal Red Lists in the 2000 IUCN Red List of Threatened Species the number of plant assessments has steadily increased (Baillie et al. 2004 , IUCN 2009 ). Of the 11,824 plants evaluated, 70% (8,321 species) are listed as threatened. Although 8,321 threatened species of plants appeared on the 2004 IUCN Red List, the number evaluated against the Red List Criteria represents only about 4% of the total number of species and almost 3% of these are threatened (Baillie et al. 2004) . Moreover, the IUCN Red List shows that 110 species out of all plants are either extinct (86) or extinct in the wild (24) (Baillie et al. 2004 , IUCN 2009 ). It is a matter of serious concern that 1,490 plants are critically endangered (Baillie et al. 2004 , IUCN 2009 ).
The uneven distribution of threatened species means that a number of countries have a disproportionate number of species at risk of extinction (Baillie et al. 2004) . The most threatened species occur in the tropics, especially on mountains and on islands (Baillie et al. 2004 , IUCN 2009 ). (Shah 2007) . Earlier, N. jatamansi was reported to be very common in the Kumaon and Nepal Himalayan region, but now it has become rare due to exploitation by local herb collectors and traders (Shah 2007) . No clear cut information about the locations of N. jatamansi is available from NE India. Effective strategies should be implemented in order to avoid its extinction.
Medicinal plants may become critically endangered because of their small population size, narrow range of distribution, and/or habitat specificity. Humans may cause them to become critically endangered through destructive modes of harvesting, high use values, over-collection for commercial purposes, habitat alteration, and developmental activities (Dhar et al. 2000 , Samant et al. 1998 . Within India rarity status of species has been demonstrated according to the Red Data Book of Indian Plants (Nayar & Sastry 1987 ) and the Conservation Assessment and Management Plan (CAMP) workshop (Kala et al. 2004 , Ved & Tandon 1998 Bio-resources of Mizoram comprise a great share of natural resources. The agroecosystems as well as natural ecosystems harbor genetic potential (Lalramnghinghlova 1999b (Lalramnghinghlova , c, 2002a . Lalramnghinghlova & Jha (1998) described more than 200 medicinal plants used to treat diseases like: bleeding from nose, fever, malarial fever, asthma, tuberculosis, calculi, stones in kidney, gall-bladder, urinary troubles, hypertension, diabetes, stomachache, stomach ulcer, dysentery, diarrhoea, jaundice, hepatomegaly, fracture of bone, and snake bite. They added that over 60% of people living in the interior parts of the state depend upon herbal medicine. Further, identified and characterized the ethnomedicinal plants based on IUCN threat categories. Also, Lalramnghinghlova & Jha (1999) during their survey of ethnomedicinal plants identified new plant uses in forests of Mizoram. Lalramnghinghlova (1999d) marked that although more work has been undertaken on ethnobotany, less focus has been given to ethnozoology which is very necessary in order to address ethnobiology in its totality.
Excessive exploitation by Pharmaceutical Industries
Ethnopharmacology continues to identify possible new drugs and lead molecules for the pharmaceutical industry (Houghton 2007 , Wiart 2006 . The recent introduction of artemisinin from Artemisia annua L. as an effective antimalarial is a good example. This is based on its use to treat fevers and malaria-like symptoms in traditional Chinese medicine (Houghton 2007 , Wiart 2006 . A large amount of information still awaits disclosure to the scientific community particularly plants of Asia and the Pacific (Mulliken & Schippmann 2007 , Wiart 2006 .
Some pharmaceutical companies depend largely upon materials procured from naturally occurring sources that are being rapidly depleted. Although there are many mutual benefits of joint effort between ethnobotanists and pharmacologists, there are also challenges to overcome in order to foster successful partnerships (Kumar 1997) .
The difference in worldview underlying research objectives of both fields is complex. While bioprospecting (exploring biodiversity for new sources of natural products) is still the objective of some pharmacologists, the field of ethnobotany is generally more concerned about the cultural meaning of the relationship between humans and plants than in mining for plant pharmaceuticals and information about plants (McClatchey et al. 2009 ).
Most often excessive use of medicinal plants is motivated by immediate and short-term economic gains (Mulliken & Schippmann 2007 . However, biologists (including conservation biologists, planners, etc.), whose concern is to set conservation priorities have their focused on rarity (Dhar et al. 2000 , Rabinowitz et al. 1986 ), sensitivity, i.e., nativity (proportional representation of native taxa), endemism (Dhar et al. 2000 , Rawal & Dhar 1997 and attempts to measure extent of decline or threat of extinction (Allendorf et al. 1997 , IUCN 1994 , Mace & Lande 1991 .
Biotechnological Tools in Conservation
Conservation of valuable plant species in the Himalayan region has become imperative (Dhar 2002 , Dhar et al. 2000 due to increasing interest in herbal medicines for health care across the globe (Franz 1993 , Kala et al. 2004 . The Himalayan region contributes 350 species (Purohit 1997 ) out of 700 plant species used in industries for making drugs.
Plant tissue culture is an alternative method of commercial propagation (George & Sherrington 1984) and is being used widely for the commercial propagation of a large number of plant species, including many medicinal plants (Rout et al. 2000) . The factors that influence micropropagation of medicinal and aromatic plants have been reviewed by Bhagyalakshmi and Singh (1988) , Hu and Wang (1983) , Hussey (1980 Hussey ( , 1983 , Murashige (1977a) , Rout et al. (2000) , Short & Roberts (1991) .
The concept of synthetic seed was given by Murashige (1977b) followed by first report on the development of synthetic seeds (Kitto & Janick 1982) . Later, Redenbaugh et al. (1984) were successful in producing synthetic seeds for alfalfa by encapsulating somatic embryos with alginate hydrogel. Since then several scientists have been working on synthetic seeds incorporating encapsulation technology with different plant species of medicinal plants (Faisal & Anis 2007 , Singh et al. 2006a , b, 2009 (Rout et al. 2000) . A method has been developed for rapid multiplication of C. orchioides through direct organogenesis and bulbil formation in-vitro (Suri et al. 1999) .
Shoot tips of D. deltoidea, a medicinal yam, were cryopreserved using the vitrification and encapsulation-dehydration technique resulting in high-frequency direct plant regeneration (Dixit- . Dioscorea deltoidea is an important endangered medicinal plant, commercially exploited for the extraction of diosgenin, a precursor of steroidal drugs. Due to indiscriminate harvesting and shrinking of natural habitat, this native Indian species faces a serious threat of extinction. However, the species continues to remain an important natural source of diosgenin. It is still sold at U.S.$1000 per kg , Dixit-Sharma et al. 2005 ).
Plant part substitution, a strategy which would satisfy the requirements of sustainable harvesting, yet simultaneously provide for primary health care needs, would be the substitution of bark or underground parts with leaves of the same plant (Zschocke et al. 2000) . Zschocke et al. (2000) suggested that every investigation into a medicinal plant must always include an investigation of leaves and other aerial plant parts, even though those might not be the parts traditionally used. Investigations like this, as well as a close interaction with traditional healers and the cultivation of medicinal plants, may protect more species from extinction, and allow the recovery of threatened medicinal plants (Zschocke et al. 2000) .
Ethnoveterinary Plants
Ethnoveterinary research may also lead to important results (Diehl et al. 2004 , Lans et al. 2007 (Lans et al. 2007 ).
After finishing the review of ethnomedicinal plants of India, we confine ourselves towards the findings of our own study. The aims of the present study were to: 1) provide an updated account of medicinal plants utilized by the Mizos of Mizoram, India; 2) encourage preservation of Mizos culture and traditional knowledge; and 3) develop recommendations for conservation and sustainable utilization of the plant wealth occurring in the study area.
Study area
North-East India forms a large portion of both the Himalaya and Indo-Burma biodiversity hotspots. The region, covering approximately 262,379 km 2 , has been divided into two biogeographic zones -Eastern Himalaya and NE India, based on floristic composition, the naturalness of the flora and the local climate (Rodgers & Panwar 1988) . The North-East region of India contains more than one-third of the country's total biodiversity. Takhtajan (1980) Vavilov (1992 Vavilov ( , 1997 , the NE region of India forming the 'Hindustan Center of Origin of Cultivated Plants' is very important for tropical and sub-tropical fruits, cereals, etc. There is no snowfall anywhere in Mizoram, though frost is experienced in the eastern region. Mizoram is under direct influence of monsoons, with heavy rains from May to September and an average rainfall of 245 cm per year (Sharma et al. 2001) . Table 2 represents the population status of Mizoram and Aizawl according to a 1991 census which clearly indicates that most of the population of Mizoram is concentrated in Aizawl and there is an almost equal distribution of men and women.
The vegetation of Mizoram, according to the proposed classification, is tropical evergreen and semi-evergreen forest in the lower altitude hills; sub-tropical to montane sub-tropical in the high hills (Rai 2009 ). The total forest area is 15,825 km 2 . Forests are growing from 500 to 2,157 m in altitute. However, these forests are exposed to various anthropogenic disturbances, e.g., shifting cultivation, timber logging, extraction of fuel wood by poor/rural tribals, industrialization and in fact urbanization in some parts of Mizoram like Aizawl. The relationship between the indigenous people of the region and the vegetation is considered to be both advantageous as well as detrimental to the plant wealth of Mizoram. In Mizoram the number of doctors and other medical staff is very low in comparison to the total population (ratio doctors to total population was 1:3,415) (Rai & Lalramnghinglova 2010a , Sharma et al. 2001 . Moreover, the topography of Mizoram is responsible for an under developed communication system. Thus, the people of the rural areas cannot take advantage of modern treatment methods and they instead rely on remedies from nature (Rai & Lalramnghinglova 2010a , Sharma et al. 2001 .
Methodology
During the study period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , indigenous people belonging to different tribes were interviewed about the mode of use and local names for plants by the second author by Lalramnghinghlova (Lalramnghinghlova & Jha 1998 , Lalramnghinghlova 2003 . Plants from different forest types and protected areas of Mizoram, home gardens, herbal gardens were collected in conjunction with the interviews. These were identified with assistance from Vanaspati Van and the Botanical Survey of India, Howrah, West Bengal herbarium (CAL) where the specimens are deposited.
The indigenous people are hesitant to transfer their indigenous knowledge acquired from their ancestors. However, traditional medical practitioners were cooperative helping on two field trips per year. Ethnobotanical data were collected according to the methodology suggested by Jain (1964) . Plant parts used were also characterized. Only corroborating information obtained from at least three traditional practioners has been reported here. Field data assessment and comparison was conducted according to Heinrich et al. (2009) . A guideline for Application of IUCN Criteria at Regional Levels was adopted for threat assessment (IUCN 2004) . Red Listed Species documented in the study area were morked according to Nayar & Sastry (1990) . SPSS 11.5 version was used for regression analy- 
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Results
304 plants from 96 families were identified as medicinal (Table 3) 
Extinct (EX)
No extinct species were found through this project.
Extinct in the Wild (EW)
Aegle marmelos (L.) Corrêa is EW at the regional scale.
Critically Endangered (CR)
Ilex khasiana Purkay. is CR in NE India. Syzygium travancoricum Gamble is CR, while in our study, Syzygium cerasoides (Roxb.) Raizada, was identified under a threatened category. 
Endangered (EN)
Vulnerable (VU)
Saraca asoca is VU/EN in Mizoram. Cyclea fissicalyx is EN while in our regional study Cyclea peltata is VU. Elaeagnus pyriformis at regional scale is VU, while, Elaeagnus conferta corresponds to LR. Aquilaria malaccensis Lam. is currently listed as VU but based on our observations should be moved to CR. 
The R is boiled & the water is taken orally for against retained the placenta. Crushed R juice is taken for easy labor & as a treatment after child birth. A L infusion is taken orally to strengthen uterus function after child birth. The raw Fr is taken for the remedy of stomach problems.
Elaeagnus pyriformis
The S are soaked in water & the water is dropped into the nostrils for treatment of leeches.
The R are used to provide comfort for toothaches. R & B used as an antidote for scorpion stings. Milky juice is used to treat diseases of eyes.
Eryngium foetidum L. Apiaceae Bahkhawr Herb LR R
The R are used for treatment of stomach ache.
The B is used as an astringent & antidote to snake bite. An inner B coating decoction is taken orally to treat stomach ulcer. Br is used to treat snake bite.
Eucalyptus globulus
Garuga pinnata
Stem B juice is dropped into the eye to treat conjunctiva opacities. L juice mixed with sugar is taken for asthma.
Gelsemium elegans (Gardner & Champ.) Benth.
Gelsemiaceae Hnamtur Tree EN/VU R R used for veterinary purposes.
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Scientific name
Family Local name Habit Status Part Used
Mode of Utilization/Uses
Girardinia palmata (Forssk.) Gaudich. Urticaceae Kangthai Tree LR R Crushed R juice is taken against food allergies (e.g., pork). Homalomena aromatica (Spreng.) Schott
Gmelina arborea
Rh is used as an aromatic stimulant. WP juice is used as a lotion for skin diseases.
The L sap is applied on the burned skin.
Hydnocarpus kurzii (King) Warb. Flacourtiaceae (King.) Warb.
Tree CR/EN B,Fr
The smoke of burning B is used for stupefying bees, especially honey-bees (Apis mellifica). Fr can be used for poisoning fish. The S are sold by Lushai tribes for making an oil, frequently used as a remedy for leprosy. Burning of Holi, a religious tradition in India, has led to over-exploitation of B. ceiba, one of the important medicinal plant species of India (Jain et al. 2007 ). In our study area, B. ceiba is threatened due to land use change in the form of shifting cultivation.
Hydrocotyle nepalensis
Discussion
Plants used in diet and health
Many plants mentioned in Table 3 form an essential dietary component for tribal peoples in the form of vegetables or as an additive to impart flavor. Medicinal plants are of particular relevance when they are components of diet. According to Etkin & Ross (1991) the priority for further study should be given to plants that are also used in the diet, since the potential health impact is markedly greater for plants used in diet and medicine. Certain herbs like Amaranthus paniculatus L., Aerva lanata (L.) Juss. ex Schult., Coccinia grandis (L.) Voigt and Coriandrum sativum L. are used as vegetables indicating that these plants could be sources of dietary antioxidant supplies, which is an emerging area of research (Ali et al. 2008) . Antioxidants help organisms deal with oxidative stress, caused by free radical damage. Scartezzini & Speroni (2000) have 
Herbal-based industry in Mizoram
The availability of more than 300 medicinal plant species in Mizoram (Lalramnghinghlova 1999d , 2001 , Rai 2010a ,b, Rai 2011a ,b, Singh et al. 2002 has potential for herbal-based industries. At present, besides local health care, these medicinal plants are the alternative income-generating source of the rural populations living in hilly areas. Biotechnological approaches should be implemented for clonally produced plants and their success in the natural environment. Moreover, in tribal areas of Mizoram, conventional methods of rural technology for cultivation of these rare medicinal plants should be promoted to reduce the pressure on the wild resources. There is also a need to involve local people and the indigenous practices developed by them for sustainable utilization of surrounding natural resources, so that the present pressures may be mitigated.
Concluding Remarks
Over the last century, ethnobotany has evolved into a specific discipline that looks at the people-plant relationship in a multidisciplinary manner, including perspectives from ecology, economic botany, pharmacology, public health and other disciplines as needed (Ayyanar & Ignacimuthu 2005 , Balick & Cox 1996 . However, the traditional knowledge system in India is fast eroding (Sinha 1996) . If immediate steps are not taken for their conservation and sustainable utilization the species discussed herein are threatened.
Further, adequate caution should be taken to categorize the threatened status at regional scale (Arvind et al. 2005) . The ethnomedicinal plants should be cultivated in herbal gardens, agroforestry systems and home gardens to encourage their sustainable utilization and hence conservation. Assessment of the populations of threatened species, development of an appropriate strategy, action plan for the conservation and sustainable utilization of such components of plant diversity are recommended (Samant & Pant 2006) . The ethnobotanical claims emanating from the present survey need to be subjected to pharmaco-chemical studies in order to discover their true potential.
